The bacteria associated with contamination of ready-to-eat (RTE) cooked rice in Lagos, Nigeria were studied using standard microbiological methods. The objective of this study was to investigate the distribution of pathogenic bacteria recovered from RTE cooked rice in Lagos, assess bacteria load in the contaminated RTE cooked rice and evaluate their microbial quality. The microbial load of the RTE cooked rice ranged from 1.5 ± 0.29x 10 4 -4.8 ± 0.46x 10 6 cfu/g for three markets. A further test revealed that the average bacteria counts at Ketu was significantly different from those at Yaba and Odogunyan. However it was found that counts at Yaba and Odogunyan were not significantly different. Based on the specification by the International Microbiological Standard limits for Foods (IMSF), the levels of contamination of the total samples that were above and below microbiological acceptable limit were 91.7% and 8.3% respectively. The predominant pathogenic bacteria associated with contamination of the RTE cooked rice samples were identified as Staphylococcus aureus, Brahamella sp, Enterobacter aerogenes and Salmonella typhi. Out of a total of 36 RTE cooked rice samples analyzed, Enterobacter aerogenes 36 (100%) had the highest occurrence followed in descending order by Staphylococcus aureus 33 (91.7%), Brahamella sp. 29 (80.6%) and Salmonella sp. 25(69%). The results indicated that most of the RTE cooked rice samples examined in this study did not meet bacteriological quality standards. These findings suggest that the presence of food pathogens in RTE rice hawked in our local markets may pose serious potential health risks to the consumers in the public.
INTRODUCTION
Diarrhoeal disease remains one of the most important causes of morbidity and mortality in developing countries, especially in African countries (Kosek et al., 2003) . Worldwide, acute diarrhoea constitutes a major cause of morbidity and mortality, especially among the very young, very old, and infirm. It is estimated that each year, U.S. adults experience 99 million episodes of acute diarrhoea or gastroenteritis, resulting in about 8 million physician visits and more than 250,000 hospital admissions each year (1.5% of adult hospitalizations). Most acute diarrhoea or gastroenteritis cases are caused by enteric infections. Diarrhoea is the third leading cause of death of under 5 after Malaria and upper respiratory infection. Diarrhoea kills an estimated 2.5 million people each year, with about 60-70% of them being children under five years of age (Cesar et al., 2000) . The disease is responsible for over a quarter of the deaths of children in the world today (Yilgwan and Okolo, 2015) . Most of these deaths occur in developing countries where an estimated 25% of under-five mortality is directly attributed to diarrhoea disease (Cesar et al., 2000; Yilgwan and Okolo, 2015) . Ready-to-eat food (RTE) is a potential reservoir of pathogens that transmit diseases. Several studies have attributed diarrhoea and associated death to the consumption of contaminated RTE foods. An epidemiological link between RTE foods and diarrhoea has been reported (Mensah et al., 2000) . Foodborne bacterial pathogens commonly detected in RTE foods are Bacillus cereus, Clostridium perfringens, Staphylococcus aureus and Salmonella spp. (Muleta and Ashnafi, 2001; Mankee et al., 2005; Ghosh et al., 2007; Christison et al., 2008; Manguiat and Fang, 2013; Vecdet Öz et al., 2014) . Certain foods sold by street vendors, e.g. poultry, pork, beef, fish and rice, have been implicated in food poisoning outbreaks (Mensah et al., 2012) . Several types of microorganisms have been known to affect the quality of food, thereby constituting health hazards when foods contaminated with these organisms are consumed. Evidence that people consumed RTE foods that are usually bought from food vendors is cooked rice. The level of contamination of RTE food is high in this environment and is a cause of concern because of high consumption of rice especially among children. Microbiological examination of foods especially ready-to-eat foods is very important since this helps to evaluate the safety of foods and provide measures to prevent foodborne disease outbreaks. According to Itoandon et al. (2011) , the presence of mesophilic microorganisms in food is an indication that pathogenic microbes are likely to be present in such foods. A number of food items sold locally in Nigeria have been shown to be highly contaminated with Bacillus species (Oluwafemi and Simisaye, 2005; Yah et al., 2009; Okonko et al., 2009; Itoandon et al., 2011) , Staphylococcus (Balaban and Rasooly, 2000; Oranusi et al., 2006a Oranusi et al., , 2006b ) and other bacteria species (Ajao and Atere, 2009; Oranusi and Braide, 2012; Madueke et al., 2014) . Information on factors that could compromise the quality of such RTE foods is important to inform good food preparation practices among the majority of Nigeria in order to avert food associated illness in the country. In this context, there is high consumption of RTE cooked rice in the country and despite evidence that most of them are prepared under unhygienic condition, their microbial quality is not known. The objective of this study was to investigate the distribution of pathogenic bacteria recovered from RTE cooked rice in Lagos, assess bacteria load in the contaminated RTE cooked rice and evaluate their microbial quality.
MATERIALS AND METHODS Study design, sampling and microbiological analyses
Cross sectional descriptive study on RTE cooked rice with bacterial contaminants was carried out. RTE cooked rice from three markets in Lagos were processed for pathogenic microbial contaminants for their bacteria load estimation.
Lagos was purposefully selected due to the lack of microbiological data on RTE cooked rice. Three large markets in Lagos State were randomly selected and the markets were Yaba, Ketu and Odogunyan. The locations of the markets are shown in Figure  1 . The vendors at the three markets where the RTE rice samples were sold were contacted and informed of the study. The samples were purchased and collected in sterile stomacher bags in icebox and transported immediately to the Medical Microbiology and Parasitology Laboratory of the Nigeria Institute of Medical Research, Yaba, Lagos, for analysis. A total of thirty-six samples were collected and analyzed. The rice samples were mashed aseptically in a sterile stomacher bag and 10.0 g of the mashed rice was suspended in 90 ml of sterile normal diluent and serially diluted in same diluent. One milliliter (1.0 ml) of appropriately diluted sample was pour plated in Nutrient Agar and the poured plates were incubated at 30
°C for 48 h. The viable bacteria were enumerated and expressed as colony forming units (c.f.u) per gram sample. Representatives of the different colonies were selected according to their morphological characteristics, purified by successive subculturing on Nutrient Agar and identified phenotypically using standard methods (Buchannan and Gibbons, 1974) .
Identification of contaminating microorganisms
Bacterial isolates from growths on Nutrient Agar medium were identified by the conventional taxonomic techniques as described by Buchanan and Gibbons (1974) . Our identification was based on phenotypic characteristics only. The isolates could be further characterized using molecular method.
Microbial counts and distribution
Total pathogenic bacteria were enumerated in pour plates of Nutrient Agar (NA, Fluka) incubated at 30 °C for 48 h. All colonies appearing at the end of the incubation were counted and the result expressed as cfu/g sample. The procedure used for enumeration of the viable counts were those described by Olutiola et al. (2000) and Nwachukwu and Akpata (2003) .
Statistical analysis
The microbial quality of the RTE cooked rice samples from the three market locations was compared using one-way analysis of variance (ANOVA) (Mason et al., 2003) which assesses whether the means of groups are statistically different from each other. This analysis is appropriate whenever you are comparing groups, p-values less than 0.05 were considered significant. Table 1 shows the population levels of pathogenic bacteria in the RTE rice samples collected from the three major markets. The population levels were 1.5 ± 0.29x 10 4 -4.8 ± 0.46x 10 6 cfu/g. The level of contamination in the total samples was 96.7%. From the same 
RESULTS

DISCUSSION
The microbial contamination of RTE cooked rice samples obtained from three major markets (Yaba, Ketu and Odogunyan) was studied. The data obtained in this study has demonstrated the activities of pathogenic bacteria associated with RTE foods and confirmed previous microbiological reports on other ready-to-eat street foods (Muleta and Ashanafi, 2001; Mensah et al., 2002; Bhaskar et al., 2004; Tambekar et al., 2008; Ajao and Atere, 2009; Oranusi and Braide, 2012; Nyenje et al., 2012; Vecdet Öz et al., 2014) . The level of contamination of the total samples that was above acceptable limit was 91.7% while 8.3% was without contamination. In this study, the bacteria counts in the RTE rice sample ranged from 1.50 ± 0.29x 10 4 to 4.80± 0.46x 10 6 cfu/g. Oranusi et al. (2013) also reported similar high bacterial population in some RTE foods including fried and jollof rice, coleslaw and moimoi which were in the range of 2.0 x 10 4 to 1.2 x 10 6 cfu/g for bacteria and 8.0 x 10 4 to 2.0 x 10 5 cfu/g for fungi. Olaoye et al. (2010) noted that relatively high temperature in tropical countries like Nigeria promotes rapid growth of pathogenic bacteria. Jalalpour (2012) examined the factors contributing to outbreaks of bacteria food poisoning caused by some notable food pathogens such as Salmonella spp., Staphylococcus perfringens, S.
aureus, Shigella spp, Vibrio parahaemolyticus and Bacillus cereus. The high bacterial counts obtained in RTE cooked rice in this study may be attributed to several factors which include the initial contamination on the raw materials to the handling of the finished products. The utensils used in the preparation of cooked rice and sanitary condition of the processing environment especially air and dust-in-air may have contributed to increase in extent of contaminants. The contaminants used up the nutrient in the rice, grew and multiplied in their numbers. According to Hiu (2003) , the total effects of such contaminating factors determines the quality of the rice, its probable shelf-life and the potential health risks specially if the contaminants are pathogenic in nature. The microorganisms found present in RTE cooked rice studied belong to the following genera, Staphylococcus, Brahamella, Enterobacter and Salmonella. In a similar study on RTE street foods in Accra, Ghana, Mensah et al. (2002) (Mensah et al., 2001; Mensah et al., 2002; Bhasker et al., 2004) . Most of the isolates are common soil and water microorganisms. This is however not surprising since soil and water are included among the sources of microbial contaminants in food (Nguyen-the and Carlin, 2000; Hiu, 2003; Santamaria and Toranzos, 2003) . According to these authors, soil is the single richest source of microorganisms, containing a wide variety and large numbers of microorganisms. Also, nearly all the microorganisms associated with food spoilage have their origin from the soil. The presence of enteric bacteria in the RTE cooked rice was however not unexpected, since the water used in preparing the rice by the sellers is most of the time untreated. This points to the fact that not everybody has access to potable water in Nigeria. Some of the bacteria isolated are normal flora of man, which are likely to have been introduced by food handlers through sneezing, talking and coughing. The presence of this group of organisms in the RTE cooked rice suggests that the rice were prepared under a low standard of hygiene. Some of the microorganisms (apart from being able to cause spoilage of the rice through their metabolic activities) are also pathogenic to the consumers. The results showed that 91.7% of the total samples were contaminated while 8.3% were below the contamination and also that the location does significantly influence the total bacteria plate counts (p < 0.05). The recommended International microbiological standards limit of bacterial contaminant for total bacteria plate counts for foods is less than 10 5 cfu/g of food (Rose and Osunnaiye, 2003; Oranusi et al., 2011; Okolie et al., 2012) . The result presented heralded the fact that RTE cooked rice could be a source of diarrhoea and /or gastrointestinal disturbances (in both children and adults) if they exceed the acceptable limit. This is in agreement with the findings of other workers concerning street foods in countries with high ambient temperature condition (Muleta and Ashenafi, 2001; Manseh et al., 2002; Mulugeta and Bayeh, 2012) .
Conclusion
Our findings revealed that ready-to-eat rice sold in these three large markets were contaminated with various pathogenic bacteria; this indicates inadequate processing and poor handling practices which can pose health risk to the consumers. However, good manufacturing practices (GMP) and hazard analysis critical control point (HACCP) application in the chain of food production and processing as well as health education to improve the knowledge of food vendors on food safety and hygienic practices should be encouraged. The findings indicated that is high level of contamination of RTE cooked rice in Lagos characterized by polymicrobial contaminants. We are of the view that if these preventive measures are not taken, outbreak of foodborne diseases is imminent since these foods are always bought as take-away foods by most of the consumers even at the close of their businesses late in the evenings. It is therefore necessary for Food Inspectors to monitor and prevent the sales of stale RTE foods in markets or other catering establishments.
